ABSTRACT We have constructed a plasmid cloning vehicle in which transcription of inserted heterologous DNA fragments can be regulated by a defined bacterial operator and promoter. The lambda plac 5 EcoRI DNA fragment containing the operator, promoter, and P-galactosidase gene of the lactose operon was linked to the ColEl derivative plasmid pSF2124, creating a plasmid designated pBGP100. pBGP100 contains one EcoRI site at the lac DNA/pSF2124 DNA junction and another at the lambda DNA/pSF2124 DNA junction. We deleted the latter EcoRI site to generate a plasmid (pBGP120) retaining a single EcoRI site at the lac DNA/pSF2124 DNA junction.
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To determine whether DNA introduced at the EcoRI site of pBGP120 was expressed under lactose control, we inserted the EcoRI fragment containing 28S ribosomal DNA of Xenopus laevis, creating the hybrid plasmid pBGP123. RNA-DNA hybridization of pulse-labeled RNA from cells containing pBGP123 showed that induction of the lac operon increases the percentage of labeled RNA complementary to Xenopus 28S DNA about 9-fold. This vehicle may be of use for production of eukaryotic gene products in bacteria. Although several eukaryotic DNA sequences have been introduced into bacterial plasmids (1) (2) (3) (4) (5) (6) and coliphage lambda (7, 8) , it has not been demonstrated that eukaryotic promoter sequences are correctly recognized by bacterial RNA polymerase in vvo. Indeed, transcription initiated in cloned mouse mitochondrial DNA occurs predominantly from the L-strand in Escherichia coli rather than from the H-strand, as occurs in mouse cells (4) , indicating that bacterial RNA polymerase recognizes different sequences from those recognized in the mitochondrion. Even if recognition occurs with fidelity, expression may be limited by the probability that the cloned fragment contains a functional promoter. Thus, it would be advantageous to place the transcription of cloned eukaryotic DNA under the control of a defined bacterial promoter. This paper describes the introduction of the control elements of the E. coli lactose operon into a plasmid such that the transcription of subsequently inserted heterologous DNA is under lactose control. This plasmid not only allows for control of the transcription of the inserted DNA, but also permits induction of high levels of these transcripts. Center, Yale University). RR101 (hsdSl, proA2, leu-6, ara-14, galK2, lacYl, xyl-5, mtl-1, str-20, thi-1, supE44, F-, lambda-) is a recA + derivative of HB101 (12) and was provided by Dr. R. Rodriguez. DG72 is a lac+ transductant (13) of RR101. DG73 is a pro +, lac Z39 exconjugant obtained after mating (13) DG72 and W3140. A derivative of W3110 that is trpR-, trpE-, trpA -, lacZ-, valt (14) was generously provided by Dr. C. Yanofsky.
MATERIALS AND METHODS
Media. L broth contained 10 g of Tryptone (Difco), 5 g of yeast extract (Difco), and 5 g of NaCl per liter. Minimal medium E (15) was supplemented with 10 ,gg/ml of thiamine, 0.2-0.5% appropriate carbon source, and 100 ,ug/ml of required amino acids or 0.25% Norit-treated vitamin-free casamino acids (Difco). Drug selective medium contained 20-30 ,ug/ml of ampicillin (Bristol Laboratories). Plates were solidified with 1.5% agar (Difco).
Enzymes. Lambda 5'-exonuclease was purified by slight modification of the published procedures (9, 16) . Fraction VI (a) had a final specific activity of about 140,000 units/mg when assayed with T7 [3H]DNA (17) . Isolated one-cut linear pBGP100 DNA (12 ,ug/ml) was treated with 1.8 ,g of lambda 5'-exonuclease for 60 min at 00 in a total volume of 700 til containing 67 mM glycine-KOH, pH 9.4, and 4 mM MgCl2 (18) . The enzyme/DNA ratio represented a 200-fold molar excess of enzyme to DNA 5'-termini. The length of digestion at 00 corresponded to the time required to remove approximately 25 nucleotides from each 5'-end.
Restriction endonuclease EcoRI, purified and assayed according to Greene et al. (19) (2) was provided by G. Bell. Lambda CIWs7S7 DNA was purified as described (13) . In vvo labeling, amplification, and purification of covalently closed circular DNA were essentially as described (20) .
Other Methods. DNA ligation (21) , agarose slab gel electrophoresis (22) , transformation of bacteria (21) , and colicin production tests (23) cules" (25) . Liquid cultures were treated with Wescodyne (West Chemical Products, Inc.) and DNA solutions with bleach prior to autoclaving and dispal. Agar plates containing transformed bacteria were autoclaved in polypropylene "Disposa-Bags" (Dolby Scientific).
RESULTS
Cloning lac operon elements from lambda plac5 Lambda plac5 is a derivative of lambda in which elements of the lac operon have been substituted for viral DNA (26) .
Comparison of fragment patterns of wild-type lambda and lambda plac5 DNA cleaved with EcoRI endonuclease prompted Helling et al. (22) to suggest that an EcoRI cleavage site existed in the f-galactosidase gene of the lac operon. These workers reported that a plac5 EcoRI fragment of molecular weight (Mr) 4.4 X 106 contained the lac operator. The orientation of the lac operon within this fragment is shown in Fig. 1.
To clone the lac elements, we covalently ligated EcoRIcleaved plac5 DNA fragments to EcoRI-cleaved pSF2124 DNA with T4 DNA ligase. The ligated DNA was used to transform DG73, an ampicillin-sensitive E. coli host that has a large deletion in the f3-galactosidase gene. Ampicillin-resistant (apr) transformants capable of metabolizing lactose (lac + ) were selected. EcoRI fragment patterns of plasmid DNA isolated from independent apr lac + clones were analyzed by agarose gel electrophoresis (Fig. 2) . Plasmids from all apr lac+ clones ex- In order to remove the EcoRIb site in pBGP100 it was necessary to use pBGP100 molecules that had sustained cleavage at only one EcoRI site as substrates for exonuclease digestion. To obtain these one-cut linear DNA molecules, we partially digested pBGP100 with EcoRI. DNA fragments, produced as a function of time of digestion, were analyzed by agarose gel electrophoresis. A band with the mobility expected for a one-cut linear DNA molecule (Mr 11.8 X 106) was readily identifiable (not shown). At 370, under conditions of enzyme excess, a 10-min digestion of 200 jig of pBGP100 with EcoRI resulted in optimal production of the one-cut linear DNA-approximately 30% of the total DNA mass migrated as a one-cut linear molecule under these conditions. The remaining DNA mass was distributed mainly into the two limit linear fragments and open circles. Partially digested pBGP100 DNA fragments were separated on a preparative 0.8% agarose gel (22) . The region containing the one-cut linear band was removed and the DNA was extracted from the gel (24) . This DNA was digested with lambda 5'-exonuclease under conditions sufficient to remove approximately 25 nucleotides from each 5'-end. Six micrograms of the exonuclease-treated DNA were used to transform RR101. Eighty apr transformants were selected and the EcoRI digestion pattern of plasmid DNA obtained from each clone was determined by agarose gel electrophoresis. A single clone contained a plasmid that had one EcoRI site (Fig. 4A) . As expected, the supercoiled form of this plasmid migrated slightly faster in agarose gels than the parent pBGP100 (Fig. 4B) (Fig. 5A) should contain a higher percentage of pulse-labeled RNA complementary to the Xenopus DNA fragment than uninduced cells. RNA-DNA hybridization experiments were performed with RNA extracted from induced and uninduced cultures of pBGP123 pulse-labeled for 2 min with [3H]uridine. Labeled RNA was hybridized to filters containing excess pSF2124, pBGP120, or Xenopus 28S DNA. The results (Table la-c) show that induction of the lac operon increased the percentage of pulse-labeled RNA complementary to Xenopus 28S DNA about 9-fold. lac-specific RNA increased about 80-fold upon induction.
To show that the increase in Xenopus DNA transcription in induced cells containing pBGP123 was due to initiation at the lac promoter, we constructed pBGP23, a plasmid identical to pBGP123 except that it does not contain the lambda plac5 lac DNA fragment. Pulse-labeled [3H]RNA from induced cells containing pBGP23 was not enriched for Xenopus RNA sequences (Table ld and e) . Pulse-labeled RNA from uninduced or induced W3110 cells did not hybridize significantly to Xenopus 28S, lac, or pSF2124 DNA (Table Ig and h). The extent of readthrough transcription of an inserted sequence depends on both its orientation and sequence. Insertion of the 28S fragment into pBGP120 in the opposite orientation from that of pBGP123 results in less extensive readthrough transcription than is observed in pBGPL23 (B.P., unpublished experiments). We have also inserted a Xenopus DNA fragment of Mr 4.4 X 106, containing spacer and 18S ribosomal sequences (2), into pBGP120. To date we have been unable to detect inducible readthrough transcription of this fragment in either orientation. We are currently investigating whether the extent of readthrough transcription of 18S and 28S fragments is affected by altering the transcriptional termination factor rho (14, 31) of the host.
It would be interesting to examine the expression of a normally translated eukaryotic sequence in pBGP120. If an inserted sequence contains a ribosome binding site that can be utilized in bacteria, production of high levels of a readthrough transcript might allow for extensive translation of a functional eukaryotic polypeptide. In the absence of an independent ribosome binding site, the eukaryotic sequence would be translated to yield a peptide covalently linked to ,B-galactosidase. The extent of readthrough translation under lac control will depend on the number of translatable codons between the EcoRI site and the first in-phase nonsense codon in the inserted sequence.
